BACKGROUND: Administrative claims contain detailed medication, diagnosis, and procedure data, but the lack of clinical outcomes for rheumatoid arthritis (RA) historically has limited their use in comparative effectiveness research. A claims-based algorithm was developed and validated to estimate effectiveness for RA from data for adherence, dosing, and treatment modifications.
R heumatoid arthritis (RA), a chronic condition characterized by inflammation of the joints, affects approximately 1.3 million adults in the United States. 1 RA may lead to joint damage, chronic pain and stiffness, loss of function, and disability. The estimated burden of RA includes annual health care costs of $8.4 billion and total annual societal costs of $19.3 billion. 2 Although there is no cure for RA, a number of effective treatment options are available. Treatment for RA usually is initiated with nonbiologic disease-modifying antirheumatic drugs (DMARDs) such as leflunomide or methotrexate. 3, 4 The 2012 American College of Rheumatology (ACR) guidelines
• Several biologics are approved for use in patients with rheumatoid arthritis (RA), but few randomized, head-to-head studies have compared the efficacy of 2 or 3 biologics in a given population.
• Administrative claims contain detailed medication, diagnosis, procedure, and cost data for actual use of biologics in the commercially insured population, which is typically more heterogeneous than patients included in clinical trials, but the lack of information on clinical outcomes for RA has limited the use of administrative claims in comparative effectiveness research.
• A claims-based algorithm that uses adherence, dosing, and treatment modifications to estimate biologic effectiveness (low disease activity or remission) for RA was validated in a Veteran's Administration population and was further evaluated in a comparative effectiveness study that was linked to a commercial claims database.
What is already known about this subject
• This study used the validated algorithm to estimate the cost of effective biologic treatment from adjudicated claims in 5,474 patients with RA who received an approved biologic between 2007 and 2010.
• Using the claims-based algorithm, mean 1-year biologic cost per effectively treated patient was lowest for etanercept ($43,935), followed by golimumab ($49,589), adalimumab ($52,752), abatacept ($62,300), and infliximab ($101,402).
• These results support use of the validated claims-based effectiveness algorithm to estimate mean biologic cost per effectively treated patient for RA from claims data.
DAS-28 data from the national Veteran's Administration Rheumatoid Arthritis (VARA) registry. 23 The gold standard for effectiveness was measured at the visit closest to 1 year following the index visit in the VARA database and was defined as low disease activity (a DAS-28 score of ≤ 3.2) or improvement in DAS-28 score by > 1.2 units, with high adherence to therapy. 23 The validation study did not consider patients with RA remission (a DAS-28 score of < 2.6) separately but included them within the group that had low disease activity. A subsequent analysis evaluated the algorithm by comparing commercial claims data with clinician review of outpatient medical records. 24 This algorithm provides a validated method for CER using real-world data within this class of drugs.
The objectives of the analysis presented here were to apply the claims-based effectiveness algorithm to a dataset derived from a large health plan in the United States to estimate the effectiveness of commonly used biologics approved for first-line treatment of moderate-to-severe RA and to estimate biologic costs per effectively treated patient.
■■ Methods Data Source
A retrospective cohort study was conducted using the Optum Research Database, which contains medical and pharmacy claims with linked enrollment information from 1993. There were 24 million patients enrolled in a commercial health plan with a medical and pharmacy benefit for at least 1 day between 2007 and 2010. Underlying information in the database is geographically diverse across the United States and representative of the commercially insured population.
Study Sample
To be included in this analysis, patients were required to have a physician diagnosis of RA and receive a biologic that was approved for first-line treatment of moderate-to-severe RA (abatacept, adalimumab, certolizumab pegol, etanercept, golimumab, or infliximab). Patients had at least 1 claim between January 1, 2007, and December 31, 2010, for 1 of these biologics. Rituximab and tocilizumab were not included because they were not approved for first-line treatment of RA at the time of the analysis. Certolizumab pegol was excluded because of its small sample size (n = 53; < 1% of sample). The date of a patient's first observed claim for a biologic of interest was considered the patient's index date. Patients were required to have continuous enrollment in their plans with medical and pharmacy benefits for the 6 months preceding their index dates (the pre-index period) and the 12 months following their index dates (the post-index period). Patients needed to be aged 18 to 63 years (inclusive) as of their index dates to ensure that they had at least 1 full year of subsequent coverage in the commercial insurance plan before they were eligible for Medicare. A physician diagnosis of RA was confirmed by an International recommend biologic therapy with anti-tumor necrosis factor (TNF) biologics or the non-TNF biologics abatacept or rituximab for patients who have an inadequate response to methotrexate monotherapy or DMARD combination therapy or for early RA patients with moderate or high disease activity and features of poor prognosis. 4 First-line biologic therapies-including abatacept, 5 adalimumab, 6 certolizumab pegol, 7 etanercept, 8 golimumab (in combination with methotrexate), 9 infliximab (in combination with methotrexate), 10 and tocilizumab 11 -have been shown to be effective in slowing the progression of structural damage and improving physical function in patients with moderately to severely active RA. Lack of response or loss of benefit warrants switching to a different biologic therapy, although little guidance exists as to which therapy is preferable to use as a second or subsequent agent. 4 There is increasing interest in comparative effectiveness research (CER), particularly for head-to-head randomized clinical trials. However, there have been relatively few headto-head prospective trials of biologics in RA, [12] [13] [14] [15] [16] [17] [18] and most have not found one biologic to have superior efficacy over another. The recently published ADACTA study reported that tocilizumab treatment was associated with significantly greater reduction of the signs and symptoms of RA than adalimumab treatment, but each biologic was administered only as monotherapy. 18 Moreover, results from clinical trials may have only limited applicability to clinical practice because patients with RA in clinical trials rarely mirror patients in the real world. 19, 20 In general, subjects in clinical trials have fewer comorbidities or concomitant treatments than patients in clinical practice, are more likely to be adherent and compliant to prescribed treatments, have more frequent follow-up visits and are more likely to attend those visits, and they receive different treatment. 21 Detailed scales that are used to assess RA outcomes in clinical trials, such as Disease Activity Score 28 Joint (DAS-28) and Health Assessment Questionnaire Disability Index (HAQ-DI), are not widely used in clinical practice. 22 Given the number of biologic therapies available with differing modes of administration, more CER in RA is needed to better inform decisions of clinicians and managed care professionals.
Although randomized controlled trials typically are the gold standard in CER, observational studies using large claims databases are attractive because they are relatively inexpensive to conduct, widely available, and offer a large volume of data on the actual treatment of patients in clinical practice. For example, health insurance claims routinely contain information on medication use, outpatient encounters, hospital discharges, and costs, and they are commonly used to evaluate safety and resource utilization. However, they do not typically include clinical outcome measures that can aid in quantifying effectiveness of RA medications.
A claims-based algorithm to evaluate the clinical effectiveness of biologics for RA was developed and validated against Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code of 714.0x during the pre-index period up to 30 days after the index date.
Patients were excluded from the study sample if they had a claim for 2 or more biologics on their index date. Patients with a medical claim with a Healthcare Common Procedure Coding System Level II J-Code for a self-administered subcutaneously injected (SC) biologic were excluded because the days' supply could not be determined and thus 1 of the algorithm criteria (high treatment adherence; see "Effectiveness" section) could not be evaluated for those claims. Patients with a pharmacy claim with a National Drug Code number for an intravenously infused (IV) biologic were excluded because the infusion date could not be determined. To identify new initiations of firstline biologic treatment, patients could not have a claim in the 6-month pre-index period for any biologic agent indicated for RA (abatacept, adalimumab, anakinra, certolizumab pegol, etanercept, golimumab, infliximab, rituximab, and tocilizumab). Patients were also excluded if at any time during the 6-month pre-index period through day 30 post-index, they had a diagnosis of another approved indication for biologics that are used for RA: plaque psoriasis (ICD-9-CM 696.1x), psoriatic arthritis (696.0x), ankylosing spondylitis (720.0x), juvenile idiopathic arthritis (714.3x), Crohn's disease (555.xx), ulcerative colitis (556.xx), non-Hodgkin lymphoma (200.xx, 202.xx), or chronic lymphocytic leukemia (204.1x).
No patient identity or medical records were disclosed for the purposes of this study. The analysis included only deidentified patients; as such, institutional review board approval and patient consent were not required. All data were accessed using methods that were compliant with the Health Insurance Portability and Accountability Act of 1996.
Effectiveness
Effectiveness of the index biologic was evaluated for 1 year (12 months) following the index date using a claims-based algorithm that has been described in detail elsewhere. 23 For this analysis, the algorithm classified a treatment as effective if the patient had all of the following 6 outcomes: 1. High adherence: For self-administered SC injections (adalimumab, etanercept, and golimumab), patients were considered to have high adherence if their medication possession ratio was ≥ 80%, calculated as the sum of total days of drug available divided by the 365-day post-index period. Start dates for medication claims that were filled early (i.e., while the patient still had medication from the prior claim) were pushed out until after the medication from the previous claim was set to run out. Patients were allowed to stockpile medication for a maximum of 14 days. The conventional threshold used for adherence is 80%, which is reasonable because it suggests very few days without the drug on hand and, consequently, fairly continuous medication usage. For the IV infusions (abatacept and infliximab), patients were considered to have high adherence if they received at least as many infusions as recommended by the U.S. prescribing information.
No increase in biologic dose:
No increase in biologic dose from the first dose to the last dose, as follows-for etanercept, an increase to 50 milligrams (mg) twice weekly; for adalimumab, an increase to 40 mg once weekly; for infliximab, a 100 mg or greater increase or a number of infusions greater than 120% of the number expected; for abatacept, a 100 mg or greater increase; for golimumab, a 25 mg per week or greater increase; for certolizumab pegol, the criterion was not applicable. 
Biologic Costs
For each IV biologic, the actual health plan paid and patient paid amounts for all medical and pharmacy claims for that agent and the administration cost for each IV biologic were summed to determine the total cost of the biologic in the first year (365 days) after the index date. For each SC biologic, the total cost included only the medication cost because they are self-administered. Biologic cost per effectively treated patient was defined as follows:
Biologic cost per effectively treated patient = Total cost of index biologic Number of patients categorized by the claims-based algorithm as effectively treated with index biologic
Data Analysis
Descriptive analyses of patient demographic and clinical characteristics were conducted for each treatment cohort. Effectiveness using the claims-based algorithm and costs were evaluated across first-line biologic treatments for RA that were administered SC (adalimumab, etanercept, golimumab) and those that were only administered IV (abatacept, infliximab) at the time of the analysis. For the percentage of patients who were categorized as effectively treated per the algorithm criteria, P values were calculated comparing (a) SC versus IV index biologics and (b) across all individual index biologics. For binomial comparisons, P values were calculated using Pearson's chi-square test. For continuous comparisons, P values were calculated using one-way ANOVA. A multivariable analysis was conducted to examine the possible influence of baseline characteristics on the predicted effectiveness of each index biologic. A logistic regression model estimated odds ratios for effectiveness (with 95% confidence intervals) and predicted percentage of patients effectively treated for each index biologic at 1-year postindex. Predicted percentages were calculated using the recycled predictions method. 25 Covariates included age group, sex, geographic region, Charlson comorbidity score at index date, preindex DMARD use, and pre-index total health care cost.
Sensitivity Analysis
Sensitivity analysis was conducted to examine the total health care costs per effectively treated patient during the first year of biologic therapy as per the previously shown calculation.
■■ Results Patient Demographics
A total of 5,474 individuals were included in the analysis ( Table 1) . The most commonly used biologic was etanercept (n = 2,425; 44.3%), followed by adalimumab (n = 1,857; 33.9%), infliximab (n = 773; 14.1%), abatacept (n = 295; 5.4%), and golimumab (n = 124; 2.3%; Table 2 ). Mean patient age was 48.6 years overall and was similar across cohorts. Most patients were female (77.8%), with a larger percentage of female patients in the abatacept cohort (83.7%) than in the other cohorts. The distribution of patients in the analyses who were from the geographic regions of Northeast, Midwest, South, and West was similar to the overall distribution of enrollees in the health plan, and the geographic distribution was similar across cohorts. Mean values for Charlson comorbidity scores at the index date were similar across cohorts and ranged from 1.27 to 1.47 (Table 2) .
A majority of patients received a DMARD during the 6-month pre-index period (77.6%) and the 12-month postindex period (74.6%). Claims for DMARD treatment were most commonly for methotrexate (61.3% pre-index and 58.0% postindex), followed by hydroxychloroquine (22.4% pre-index and 19.8% post-index), leflunomide (12.5% pre-index and 12.3% post-index), and sulfasalazine (8.3% pre-index and 6.0% postindex); the rank order was similar across biologics (Table 2) .
Effectiveness
Overall, the algorithm classified first-line biologics as effective in 28.9% of patients. The proportion of patients by cohort who satisfied all 6 effectiveness criteria ranged from 19.0% for infliximab to 32.7% for etanercept. All 6 effectiveness criteria were satisfied in 30.6% of patients who received SC biologics and in 22.1% of patients who received IV biologics (Figure 1) . Achievement rates overall for the individual criteria, in descending order, were ≤ 1 glucocorticoid injection (92.4%), no new/increased oral glucocorticoid (86.9%), no increase in biologic dose (86.7%), no new DMARD (85.1%), no biologic switch (84.3%), and high adherence (45.7%; Table 3 ). Criterion achievement rates for all SC biologics combined and all IV biologics combined are shown in Figure 2 . Compared with patients who initiated biologic treatment with IV biologics, those who initially received SC biologics were significantly more likely to meet the criteria for high adherence (60.4% vs. 42.1%; P < 0.001) or receive no new DMARD (87.5% vs. 84.5%; P = 0.017). A significantly greater proportion of patients who began biologic treatment with an SC biologic compared with an IV biologic met the criteria for no increased biologic dose 
TABLE 1
Sample Attrition (92.9% vs. 61.4%; P < 0.001), no oral glucocorticoid use (87.4% vs. 84.6%; P = 0.012), and ≤ 1 glucocorticoid injection (92.9% vs. 90.3%; P = 0.003). SC and IV biologics had similar rates for not switching biologics (84.3% vs. 84.5%; P = 0.910).
Criterion achievement rates by medication cohort are shown in Table 3 . Criterion achievement rates for concomitant treatments (no new DMARD, no oral glucocorticoid, and ≤ 1 glucocorticoid injection) were generally similar across individual biologics. Greater variation across biologics was seen in the criteria for high adherence, no increased biologic dose, and no biologic switch.
In the multivariable analysis (Table 4) , patient age, region, baseline DMARD use, and baseline health care cost were each statistically significantly associated with effectiveness. In addition, the predicted effectiveness of each index biologic ranged from 18.6% for infliximab to 33.1% for etanercept. Because the predicted values from the multivariable analysis were comparable with the rates from direct application of the algorithm (Figure 1) , the rates from the algorithm were used for the estimations of cost per effectively treated patient.
The results of the sensitivity analysis were consistent with those of the planned analysis. The rank order was the same in each analysis, except for golimumab and etanercept (golimumab 7% lower than etanercept for total estimated health care costs per effectively treated patient in the sensitivity analysis and etanercept 11% lower than golimumab for estimated biologic cost per effectively treated patient in the planned analysis). In both analyses, all other biologics had estimated costs per effectively treated patient that were at least 15% to 20% higher than those for etanercept.
Cost
One-year costs of the index biologic per patient (Table 5) were lower for the SC biologics (etanercept, $14,385; adalimumab, $14,601; golimumab, $15,997) than for the IV biologics (abatacept, $18,796; infliximab, $19,283). Administration cost was approximately $1,900 per patient annually for IV biologics.
The total cost of the index biologic, divided by number of patients who met all 6 algorithm criteria throughout the 12-month post-index period, yielded an estimate of the biologic cost per effectively treated patient for each biologic (Table 5) . Using this estimate, the biologic cost per effectively treated patient was lower among patients treated with SC biologics (etanercept, $43,935; golimumab, $49,589; adalimumab, $52,752) than among patients treated with IV biologics (abatacept, $62,300; infliximab, $101,402). 
Patient Demographics and Treatment Characteristics
Etanercept had both the greatest proportion of effectively treated patients according to the algorithm and the lowest total cost in the first year, resulting in the lowest estimated biologic cost per effectively treated patient. The other biologics had estimated costs per effectively treated patient that were between 13% and 131% higher than that for etanercept. The high biologic cost per effectively treated patient in the infliximab cohort resulted from it having both the lowest percentage of patients categorized as effectively treated and the highest total biologic cost. Although infliximab had more patients who met the high adherence criterion compared with the other biologics, this was offset by a high rate of biologic dose increases in the infliximab cohort. This may be explained in part by the large allowed dose range and dose adjustment recommendations in the labeling for adalimumab and infliximab, 6, 10 and with several previous reports that dose increases are more common with these TNF blockers than with etanercept. [26] [27] [28] [29] [30] [31] [32] [33] [34] Because only the initial dose of the index biologic was considered in the evaluation of treatment effectiveness, it is ■■ Discussion This analysis used a claims-based algorithm that examines various aspects of the treatment pathway including adherence, switching, dose escalation, use of a nonbiologic DMARD, and use of oral and injectable glucocorticoids 23, 24 to estimate treatment effectiveness among commercially insured patients with RA. Using this algorithm, effectiveness was observed in a greater proportion of patients initiating first-line treatment with SC biologics compared with IV biologics. Additionally, the average biologic cost per effectively treated patient was lower among patients who began treatment with a self-injectable medication. These results suggest that benefit designs for biologics that incentivize the use of products covered under medical benefits (IV biologics) over those that are covered under pharmacy benefits (SC biologics) could result in increased use of agents with a higher biologic cost per effectively treated patient. 
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Effectiveness (As Assessed by the Claims-Based Algorithm) management of RA, 12-17 except for 1 study that reported significantly greater reduction of the signs and symptoms of RA with tocilizumab monotherapy than with adalimumab monotherapy. 18 To date, these studies have been used to compare only 2, or at most 3, of the approved biologics. A retrospective claims database analysis is a less expensive, rapid, and pragmatic way to estimate costs and effectiveness across all available biologics in clinical practice. Effectiveness cannot be assessed directly from claims; thus, a proxy such as this algorithm is needed to assess effectiveness from claims data. In this study, first-line biologics for treatment of moderate-tosevere RA were classified by the algorithm as effective in less than one-third of patients (28.9%) at 1 year. This rate is consistent with at least 1 registry-based report and with the rate reported in the original validation of the algorithm. 17, 23 Higher efficacy rates are reported in the U.S. prescribing information possible that some of the subjects in whom the initial dose of infliximab was ineffective subsequently responded to the higher dose, which would have lowered the biologic cost per effectively treated patient for infliximab. The definition of dose increases for the IV biologics may have contributed to the high rate of dose increases for infliximab, but 92.5% of subjects did not have a dose increase for the other IV biologic, abatacept.
Overall, the findings of this analysis were similar to those of a recent CER review sponsored by the Agency for Healthcare Research and Quality, which found greater improvement in disease activity (50% improvement in the ACR Core Data Set measures [ACR50]) among patients who received etanercept than among patients who received abatacept, adalimumab, anakinra, infliximab, rituximab, or tocilizumab. 35 Randomized head-to-head clinical studies have not reported significant differences in efficacy between biologics in the for biologics, based on ACR20 or ACR50 criteria in randomized, placebo-controlled clinical studies. These criteria include 20% (or 50%) improvement in tender and swollen joint counts and 20% (or 50%) improvement in 3 of 5 remaining ACR core set measures: patient and physician global assessments, pain, disability, and an acute-phase reactant. 36, 37 The rates of effectiveness according to the algorithm (both in this study and in the VARA validation study) were more consistent with efficacy reported for ACR70 (70% improvement in tender and swollen joint counts and 70% improvement in 3 of 5 remaining ACR core set measures 37 ) in randomized clinical studies. A possible explanation for this finding is that the algorithm was validated against relatively stringent criteria of low disease activity (a DAS-28 score of < 3.2) or improvement in the DAS-28 score by > 1.2 units, with high adherence to therapy. 23 The algorithm originally was validated in the VA system, 23 which is one of the few health care systems that has both pharmacy and medical claims data that could be linked to a nested 
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RA registry. The VA system is predominantly male, while the general RA population is predominantly female, which may limit generalizability. However, the high positive predictive value of the algorithm was also evaluated in a commercial claims database, and 76% of the patients in that study were female. 24 Two recently published studies also used the algorithm and managed care databases to examine biologic effectiveness and costs in patients with RA, and the results of those studies were consistent with the findings of this study. 38, 39 This analysis examined biologic costs because there is a clear relationship between the cost and the effect of the index biologic, whereas total health care costs include many other costs unrelated to RA or effective biologic treatment. Even when other health care costs are directly related to the effective treatment of RA, it is difficult to establish cause and effect. Another issue with evaluating total health care costs in the first year per effectively treated patient is timing. A proper evaluation of the total costs associated with effective biologic therapy should look at the "downstream" costs after the biologic has been categorized as effective. Analysis of costs in subsequent years, after the index biologic was effective in the first year, was beyond the scope of this study. Despite these limitations, a sensitivity analysis was conducted to examine the total health care costs per effectively treated patient during the first year of biologic therapy. The results of the sensitivity analysis were consistent with those of the planned analysis, although interpretation of this finding is complicated by the much smaller sample size for the golimumab group (n = 124) than for the etanercept group (n = 2,425).
Limitations
These results from a commercially insured population in the United States may not be generalizable to other populations.
Disease severity is not captured in medical claims, so it is not possible to determine if there was a selection bias that favored the use of certain biologics in patients who were more likely to achieve the effectiveness criteria with the algorithm and the use of other biologics in patients who were more likely to fail the criteria. During the period covered by the analysis, the formulary allowed equal access to each of the biologics, so it is unlikely that formulary design influenced utilization patterns. Additionally, several baseline characteristics were significant predictors of response, but a multivariable analysis that included those variables resulted in predicted rates of effectiveness for each biologic that were comparable with the rates from direct application of the algorithm.
Nonbiologic costs such as DMARD treatment, glucocorticoids, and laboratory monitoring and the costs of adverse events were not included in the analysis, but these costs would be expected to have a minor influence on the total cost of biologic therapy. Concomitant use of DMARDs generally was similar between biologics, and the costs of these drugs were not included because they are typically generic and inexpensive. Costs of adverse events attributable to a specific treatment cannot readily be distinguished from other health care costs in a claims database, and adverse events that resulted from biologic treatment would likely be similar between biologics. 35 A patient needed to satisfy all 6 algorithm criteria for a biologic to be categorized as effective, and some of the individual criteria may have contributed to lower than expected rates of 
TABLE 5
Cost of Index Biologic in Patients with Rheumatoid Arthritis effectiveness. As previously described, the prescribing information for some biologic therapies recommends dose escalation as needed to manage RA, but the effectiveness algorithm does not permit dose escalation and does not assess effectiveness at the higher dose. Dose escalation of anti-TNF agents has shown only limited effectiveness in the long-term control of RA (mainly for infliximab and less so for other biologics). 34, 40, 41 Similarly, approximately 15% of patients failed the criterion for increased corticosteroid doses, but in clinical practice, this may enable patients to achieve clinical endpoints without changing the dose of the biologic. Conversely, the low adherence criterion caused a substantial proportion of both SC and IV biologics to be classified as "not effective"; some patients may reduce the frequency of dosing or stop the medication when their symptoms improve (i.e., the medication is highly effective), yet the algorithm would categorize the biologic as "not effective." Because the algorithm was previously validated and shown to have high sensitivity, specificity, and predictive value for evaluating the effectiveness of IV or SC biologic treatment in RA patients, 23 any modification to address potential limitations would require further validation before the algorithm could be applied to cost analyses.
■■ Conclusions
When a claims-based algorithm for biologic effectiveness in RA was applied to a large commercially insured population, etanercept was classified as the most effective biologic and had the lowest biologic cost per effectively treated patient. This study demonstrates the value of applying a transparent claims-based medication effectiveness algorithm to claims data to support findings from clinical trials and inform formulary decision makers by using data that are readily available in a population of interest. Additional research is warranted to determine if these findings apply to other patient populations (e.g., Medicare, Medicaid) and to other uses of biologics in RA such as secondline biologic treatment or longer-term biologic treatment.
